COPY 



rvstcring of non-major histocompatibility complex susceptibility 
ndidate loci in hnman antoimmnne diseases 
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. n cT" \CT Human autoimmune diseases are thought to 
Sop through » comple* combination or Keltic and env,- 
^ ' 0 lal lectors. Genome-wide linkage searchei of auiolm- 
iT/and inflammatory/immune disorders have Identifi* a 
large number of nnn-major histocompatibility com P l« loci 
h«i collectively contribute to disease nusceptibility. A com- 
Sson 2dc of the linkage results from 23 published 
EioiiDinuneorimmune-incdiatea disease gcnomc-w.de scans. 
Con diseases included multiple sclerosis, Crohn's disease, 
S psoriasis, asthma, nod typc-I diabetes (ID DM). Be- 
nerimcnlal animal disease studies included murine experi- 
mental autoimmune encephalomyelitis, rat inflammatory ar- 
ttritis, rat and murine IDDM, histamine sensitization Im- 
„"niiy to exogenous antigens, and murine lupus (systemic 
"pu erythematosus, SLEJ.Amejori.y (-65%) -r the human 
Lsi.ivcHnfc.geS map nonrandomly Into 18dist.net clusters 
Overlapping «r susceptibility loci occurs between different 
human immune diseases and by comparing conserved regions 
wiih experimental autoimmune/immune disease models. This 
nonrandom clustering supports a hypothesis that, In some 
eases, clinically distinct autoimmune diseases may be con- 
trolled by a common set or susceptibility genes. 

Autoimmune diseases are common chronic conditions that 
involve immune attack of one or more organ systems and af feet 
proximately S% of the population. The specrfic cnolog.es of 
virtually all human autoimmune diseases are unknown, al- 
lho..eh they are thought to arise through a complex combina- 
lion k genetic and environmental factors. Several reviews or 
jutoiromuniry and autoimmune diseases have recently been 
published (1-3). . _,. 

One of the central genetic factors recognized m auto^mune 
diseases is the major histocompatibility complex (MHt). 
Recently, MHC and non-MHC genetic loci have been identi- 
fied through genome scanniog methods In autoimmune or 
Inflammatory animal models and in human diseascs^rhesc 
include multiple sclerosis (MS) (4-7). IDDM (8-10) Crohns 
disease (CD) (11, 12), familial psoriasis (PS) (13. 14). asthma 
(AS) (15), rat inflammatory arthritis (16). munne lupus (SLE) 
(17 18) and experimental autoimmune encephalomyelitis 
(EAE) (19, 20). Linkage tesults from genome scans for 
suwimmuoe/imroune disorders tend tohavc complex patterns 
as compared with traditional linkage studies of monogenic 
iraits (21). Autoimmune genome-wide scans report a greater 
number or linked loci (-5-20) of lower significance levels, 
-sui^esting a complex genetic etiology. 
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Guidelines for interpretation of genome scan result, ; have 
been described to provide standard cntena for I «ofl ng 
linkacc data (22). By these criteria, for monogenic Mendeiian 
tSsTf values of less than 0.05 in a complete genome «m arc 
^cognized as potentially significant with logarithm of odds 
(M I scores > .0 and ? values >4.0 commonly reported In 
con/ratt, candidate loci from gene scans °' «*P«« 
including autoimmune disease, are more speculate, wj 
frequent mapping of multiple loci, often covering orfdc phys- 
ical distances (10-40 cM). . ,, „„„ pjthc 
Here we have compared the map locatwn of all non-MHC 
candidate lod from published studies of ^""IfiLtHS 
by using suggestive, significant, and highly significant (22) 
Km estimations. These lod Tall into 18 dusters, suggesung 
J p2KXtd genetic basis among different autoimmune 

^Tnfrc' are many common elements among f^*«™} 
autoimmune diseases, induding population frequencies (2) 
geographical distributions (23), ciimcal features (24) and 
theraoeutic strategies. Most autoimmune diseases arc thought 
o InS .K dictions of humoral or cellular immunity. 
A <icx ratio other than 1 in autoimmune disease is common, 
with women representing -75% of autoimmune W 
Familial clustering of different autoimmune *™*^&£>' 
and coassodation of multiple autoimmune diseases in individ- 
uals has been frequently reported. The occurrence rf«J mm< * n f 
fcTturcs of autoimmune diseases and the. ^association of 
„SSpte autoimmune diseases in the same Individua or famdy 
Tuppom the notion that there may be common g«et^ a«ors 
that predispose to autoimmunity. Vyse and Todd (2) have 
shown significant overlapping of susceptibility loci for auto- 
immune diseases tn mouse. . „.„„;„,. 

In this study, a comparison was made between 23 au oiro 
mune or inflammatory genome-wide scans orfcfcage studaes. 
Human autoimmune diseases induded W • (f~ 7 ). C? AfUg. 

PS (13. 14), AS (15), and ^^^f^a^m £ 
10 26 27) Animal disease studies included EAE ,(19. 20), rat 
infl^matery arthritis (16). rat IDDM (IDDM-R (9). murine 
I?)DM (IDDM-M) (28, 29), BortcuUa pcrtosS^M his- 
tamine sensitization (30). immunity to exogenous anbgens 
(31), and murine SLE (17. 18). As controls, seven i nonauto- 
mmune human disease genome scans performed in a shnila 
manner were also included. These lauded human type I 
diabetes (NIDDM) (32). schizophrenia (SZ) (33. 34), bipolar 

AhhTeviaaons: MHC. major hto<^mpatibility complex; MS. rnulclplc 
sclirosis: IDDM. type-I diabcte*; CD, Crohn's disease; PS, 
S AS asthma: EaE, experimental autoimmune enccphaloroy- 
etKd^riZ'oT^ds; PM. posltije mnrfcer; d ront.Euous 
fntcr'val; SZ, ^hirophrenla; BP. bipolar ; HT. hypertension; LP, lepun- 
eaociatcd obesity; .yStemie lupus erythematosus. Gen , ti<s 
tTo whom reprint requcstt should be eddressed an Cooar Cencn« 
Hrandi. National Hum«n Genome P^««<* tod^e 49 Con^ 
Drive. Room SOIL Bethcsda, MD 20892-4470. e^naU: kbecker® 
nhu.ri.nih.gtw. 
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(HP) disorder (35, 36), leptin-associated obesity (37) and 
hypertension (HT) (38). 7 V ' 

There were marked differences between most of these 
.studies in experiment;-! design, patient population*, sample 
size, markers used, and calculations of results. However, 
despile the use of different analytic approaches, these studies 
come to similar conclusions; namely, that in almost all com- 
mon autoimmune/inflammatory diseases there may be no 
single genes exerting a predominate effect. Nonetheless, there 
do appear to be multiple loci of Jess significance that are 
candtdatcs m !hc complex genetic etiology of these diseases. 



METHODS 

This study uses MS as a reference disease, because a recent 
scries of reports (4-7) demonstrated a large number of positive 
loci, including data on markers of lower significance. Studies 
were compared with MS srudie* in the following way; 

(J) Significance minimum* were established. Markers vcre 
defined as a positive marker (PM) if the highest lod score for 
that market' was >0.90, significance values (P values) were 
<0.05, and/or x 3 was >4.0. 

(it) All human markers were placed on the University of 
Southampton Location Database summary maps (39) 

(w) Contiguous intervals (els) for each locus in a study were 
defined to approximate unavailable locus confidence intervals, 
els are defined as contiguous PMs, from the same study, which 
were within approximately 1Z75 cM of another PM from the 
same study. The average intermarkcr distance of all human 
autoimmune studies was 12.75 cM (range 7.5-20 cM) 

(/v) An autoimmune cluster was defined as any two contig- 
uous intervals from different human diseases that were within 
approximately 12.75 cM of each other. A PM with no flankine 
markers was considered an independent cj. One MS study (5) 
published data as a continuous confidence interval. These data 
were used as a cl. Individual clusters (CI) arc designated by 
their chromosomal locations (i.e., CI-lp ( Cl-3p, etc). Over- 
lapping els of the same disease or isolated individual PMs were 
not sufficient to define an autoimmune duster (except where 
noted, Table 1), The remaining human markers (35%) that did 
not tend to duster (as defined here) with markers from other 
autoimmune diseases are shown in Table 2. All data from the 
snort arm of human chromosome 6, including the MHG was 
ignored so as to minimize MHC effects. 

Animal data were not used w defining a duster or in the 
calculation of statistical significance, although these data were 
highlighted if it was found on conserved regions with a defined 
human cluster (Fig. 1 and Table 1). Cross-species comparisons 
were made in the following order: (/) USH-gmap locations of 
Human homologs of marker genes, (u) physical distance frorrf 
the centromere of the marker reported by (a) the author or (b) 
found on the Whitehead mouse map: ww^genomcwijnit 
edu/cgi-bin/raousc/index. These locations were then com- 
pared with the National Center for Biotechnology Information 
mouse-human homology map at www3.ncbLnlm.nih.gov/ 
Homology/, or (Hi) the human homolog of candidate genes 
identified by the author and found on USH-gmaps. 

Significance of the clustering of human PMs was evaluated 
by using two randomization tests. Method I: cl locations, from 
human studies, were randomly positioned on either a 12.75, 10 
' ° f \ C *?A? d covcrin S hu «wn genome, minus chromo- 
some 6p (3,163 cM). After each repositioning, the number of 
independent cts was determined. A cf was independent if it was 
not within the designated distance (12.75, 10, 5, 1 cM) of a cl 
for a different autoimmune disease. MS markers were fixed in 
The randomization test because the test was based on inde- 
pendently repositioning els and the large number of PMs made 
it difficult to determine which markers identified independent 
regions. Holding markers for one disease fixed did not Inter- 
fere with the validity of the randomization test. This test was 
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repeated IO,00U rimes. The statistical significance level w av , k 
number of replicacioiu resulting in a number of indeocr • 
cU no greater than that observed in the true data 
randomization probability (adjusted P v aJuc ) ^ Wc * . * 
? JnZ «C nificancc IcveIs "0 greater than that fa £ 
1 a . U ( ?A°no? WM COm W* based on 10,000 replications & 
value (008) represents the overall significance level aS" 
for the four grid sizes used. m cd 

Method II: Wc repeated these analyses after mcrgi„« vtt 
from different studies of the same disease that were with 

l l ' 7 ?/i1' W ^ a,S ° P crfornled thc randomization test including 
the MS loci in the repositioning procedure. Results of the* 
sensitivity analyses gave smaller statistical significance level! 
for autoimmune diseases than those cited above (Table 3) 

A few PMs are included in clusters (Table 1) that faiU. 
strictly satisfy fhe 12.75 cM duster definition; these are noted 
and not used for statistical significance. 

RESULTS 

Fig. I shows 18 clusters of autoimmune loci. Clusters defined 
within a 1275-cM interval included those on chromosomes l D 
7p. and two regions on 7q, 10q, lip, 12p. and Xp. Other 
clusters of PMs occur over broader intervals and contain 
multiple markers for individual diseases on chromosomes 3a 
4q. 7pq, 1 Iq, 12q, 16q, 1 7p t X7q. and 1 vq. Analysis of PMs for 
five nonavtoimmunc human diseases did not significantly 
overlap within the dusters defined for autoimmune disease 
(Fig. 1 and Tables 3 and 4). These clusters were also compared 
with cDN As mapped on the human t ranscript map (40) and did 
• not tend to be assodated with regions of high gene density fnof 
.shown). 

As shown in Table 1, MS and CD linkage* vere be 
reported at Cl-lp using lhe same marker (D1S236). TJiu 
chromosomal region is conserved with the mouse locus eac3 
(20), as well as IddlO (4]). Similarly, the cluster on chromo- 
some 3p (Cl-3p) (Table 1) contains a region with an MS 
reported lod score of approximately 1.0 between markeis 
D3S1289 and D3S1261. This interval of 23 cM also contains 
two markers linked to CD/UC. D3S1573 and D3S1076, and 
the human homolog of a marker gene for rat arthritis, ACAA. 
Thc autoimmune cluster on chromosome 7p (Ci-7p) has PMs 
from MS. AS, and CD found within an U-cM interval Finally, 
the duster on chromosome 4q (CL-4q) contains PMs for PS, 
AS, and MS within an interval of 19 cM. Identical markets 
Were found in all three diseases. 

Overall, comparative analysis identified 18 clusters of can- 
didate lod. In 14 cases (Table I, boldface type), identical 
markers were assigned for autoimmune diseases by indepen- 
dent groups in thc following clusters: Cl-lp, CJ-3p, CMq, • 
CI-7p. d-7q-a, Ci-llp, CH2p, CJ-17p, CM7q, and Xp. There 
does not appear to be a coassodation of markers from any 
particular disease with any other (Lc n IDDM with MS). 

Ousters were analyzed for statistical significance on o 
chromosomal grid by using two different randomization tests. 
Clustering was shown to be statistically significant by using 
both tests with either 1 0. 5, or 1 cM grids (Table 3). Clustering 
of nonautoqmmune control markers did not reach statistical 
significance. 

Once dusters were defined, nine human autoimmune stud- 
ies and seven nunautoimmune studies were compared for lhe ,* 
percentage of total PMs, from a given study, that arc contained ' { ; 
within Che defined autoimmune clusters. Table 4 shows that a * 
large majority of PMs from complere human autoimmune , 
studies arc clustered with other autoimmune diseases, whereas £ 
only 5.0% of the markers from itonautoinimune studies fall^ 
within the autoimmune dusters. 
The 18 dusters defined here contain a large number of 

^< d ^H^ OU/n functio "- The interval defining Q-\H \< 
(D19S49-D19S246), covering approximately 24 cM, contains J; 
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19 D19S219 
19 APOC2 
"l9 CALM3 
19 O10E246 
10 NGFfl 
10 (07M|69) 

CI-Xj X 0ICS991 
X I 



« 
M 
A 
H 
M 
H 
H 
H 
M 
R 
M 

M 
M 

M ' 
M 1 
R 

H ' 
u 

M 

H * 

M * 

H • 



MS f7q21X 

10044 17q2lJ1 
M 17422 
MS 17422 

MS 17023.1 

fS 170211 

PS 174245 

PS 17425,1 

T3 174255 

IA 17q235 

PS 174255 



MS 

MS 

MS 

IA 

MS 

3LE 



IB411 
19412 
19413.31 
104152 
10413J 
194135 
194185 
19q132 



-15 
XV45 

-25 
.25 
-1J0 
154 
2.42 

<n 
553 
-45 

2JZ6 

15 
-15 
1.13 
1^7 

8 

-15 
2*»1Q5 
X*-»15 



42,90 
48.049 
£6588 

1751 
62.896 



75561 
78-647 
01*66 
04516 
90531 

2158* 
34.797 



54507 
85509 



IOOM Xpll.1 
MS Xp11 1 
IOOM Xpll.1 



32 61.60 
-15 6158 
15 82.132 



00) 
(30) 
(28) 
(5) 
(5) 
(29) 

(12) 
04) 
(12) 
(6) 
(12) 
(4) 
(6) 

(16) 
(4) 
(4) 
(4) 

(11) 
(11) 
(4) 
fllj 
(H) 
(11) 

(18) 

(IS) 

(10) 

(14) 

(1i) 

(15) 

(15) 

P) 
<*) 
(4) 
(5J 
(5) 
P) 
P) 
P) 

(S) 

(26) 
(16) 

(4) 

P) 
(13) 
(14) 
0-) 
(t*) 
(16) 
(14) 

(4) 

P) 

(«) 

(0 
(14) 
P) 
07) 
(10) 

(61 

P) 

w 



Cl, OuNter; Chrom/Martcr, human chromosome, marker or marker gene. Komologs of mouse or rat marker genes were used for croa-fpeeies 
comparisons. In some cases, the cemi Morgan disUocc from the rodent ceniromcre was used for homology comparisons to human gene maps. 
Rodent markers (in pKrwithe$e$). Markers in bold axe identical marker* used in separate studies; Sp, Species; C, used for statistical significance; 

*i Exceptions to contiguous Interval and duster definition D«, disease; MS t mujiiplc sclerosis; CD, Crohn disease; CD/UC, Crohn 
-isease/ulcerative colitis; EAE, experimental autoimmune encephalomyelitis: Ia, inflammatory arthrifis; PS, psoriasis; 1DDM, ianUin-dependent 
rfiahctes mctitis; AS; asthmit; HR, A pertussis -induced histamine sensitization; HI, humoral immunity; SLE; systemic lupus erythematosus. Oi.reg^ 
cytogenetic band; LDB-gmaps; na. not available; lod or x 1 *°d scores or x 1 ; cM-phym, distance from the top of the human chromosome in 
ccniimorgans; LDB-gmaps r na, in cntss-spccics comparisons. 



*l leasl 75 known genes (39) and 155 unknown transcripts (40). 
Genes in defined clusters that have previously been linked io 



autoimmune disease include: COL7A1 (42), IGER (43), SSA1 
(44). C1NH (45), CD4 (46), C1R (47). ITGB3 (4S). BAX (49), 
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Tabfc 2. NondustercJ auroimmunc loci 
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Chrom/ 
Marker 



1 01S199 
D1S201 

01S191 
01S412 
2D2S131 
02S11U 
D2S123 
02S139 
D2SW 
D2S32S 
3 D3S1303 
D3S1309 
D3S174* 
« D4S413 
O4S1G04 
D4S1S6* 
S DSS406 
DSS416 
D5S3022 
D5SW 
0SS81S 
6 D6S310 
ESR 
06&M1 



0*5264 

7 D7SS31 

8 DBS264 
D8S262 
D8S277 



C Pis Ch.reg 

* MS 
' MS 
' IO0M 

* IODM 
' MS 
" MS 

* MS 

* MS 

' CD 

' I0OM 
" IDDM 
" MS 

* MS 

* MS 
' fDOM 

* MS 
" MS 

* MS 

* MS 

* MS 
" MS 

* JODM 

* IDDM 
" IDDM 

* IODM 

* IDDM 
" IDDM 

* IDDM 



ip3a.i2 

Ip30 
1q25Jj 
1<£5.3 
2024.3 
2P16.3 
2p16.J 
2p11.1 
2qZ3-2 
2q24.3 
3Q21.1 
3q22.2 
3<j24 
4Q2S.3 
4q20j 
4q31.1 
SplS-31 
5p1W 
5pt1 
Spvi 
5qiO 
0423.1 
6q2*i 

6q24.3 
6q27 
7P22J 
BP23.3 
*P23J 
a P 23J! 



p 

vtftuc 


lod/ 

A 


cM- 
phyni 


Tiff 

K CI. 


! na 


-1.0 


22.53 


(5) 


na 


0JJ5 


30.11 


<<> 


na 


1.60 


184.31 


M 


na 


1.55 


201.25 


no) 


na 


1.71 


1A475 


(6) 


na 


1.24 


57.27 


(«; 


na 


0.93 


62_K» 


<«> 


na 


-1.3 


94.104 


<SJ 


0.OO2 


na 


154.97 


(12) 


na 


IJ 


173.019 


(5) 


nq 


1J 


137.01 


18) 


na 


1.01 


151.93 


(«) 


0.01 


1.0 


161.13 


(QJ 


0.03 


0.43 


147.04 


(61 


na 


1.B1 


144.29 


(161 


0.O4 


0.01 


151.2 


<«) 


na , 


4^4 


8.483 


w 


na 


3.4 


14.053 


p) 


na 


-2-2 


50.0 




na 


-1.0 


51.764 


(5) 


na 


1.14 


92.086 


<fl) 


na 


1.0 


142.622 


(B) 


rm 


14 


154.98 


(BJ 


na 


1J5 


159.36 


(«) 


na 


1 


157.74 


(«> 


na 


1.2 


177JJ&4 




CUM 3 


na 


0J3 (26) 


no 


2.25 


1.070 i 


|!GJ 


na 


1.73 


1.33 (toj 


na 


234 


3.7*5 (toj 



gjjL value ^ ph>m Kcf 



B D9S2S7 
DSSSflfl 
DSSS56 
0 D9S162 
D9SI71 
D9S69 
10O10S592 
D10S197 
D10S193 
D10S220 
D10S464 
12 D12S369 
D12S392 
13D1SS153 
D13S262 
D13SZ70 
D13S122 
D1SS150 
UD14STO 
D14S2B2 
15D15S129 
D15S107 
16 D16S746 
D16S297 
19 DlflSflB 
D18S64 
22 CYP20 
X DXS089 
DX5T069 
DXSIOSS 



IOOM 
" IDDM 
% IDDM 

• MS 

• MS 

• MS 

• IDDM 
" IODM 
" IDDM 



MS 



BQ22-2 
8q22.1 
6q23J3 
Op22^ 
8P21.3 
9q31J 
10pl3 
10pt2J3 
10p12J2 
10qf1J1 
10q21J 



CO/UC 12q13.13 

MS 12q24.33 

* AS I3qi4j 
*S i3ql4J 

' AS 13ql4J 

* OOM 13q3Z2 
" IDDM 13q32J 
' COM laqi2 

9 MS 14q32J3 

* CO/UC 15q1ii 
" IDDM 154J26.3 

16p13J2 
16pl3.1l 
1Bql2.1 
1B021J 
22ql3.1 
Xp22^ 
Xpl1.4 
Xq2i3 



' MS 
MS 
MS 
IDDM 
MS 
IDDM 
MS 
MS 



na 
na 
na 
na 
na 
na 
na 
na 
na 
na 
0.02 
0.0OO0S 

0.O2 
<0.O01 
<0.05 
<0.005 

na 
na 
na 
na 

0.O3 
0.0003 

0.01 

0.03 
0.005 



1.2 
2.6 
154 
1.01 
1.13 

2.03 
1.0 
13 
13 

1.39 

359 

1.71 

na 

na 

na 

1-2 . 
ZA 
1.3 
-1.5 
na 
2.54 
1.7S 
1.00 
0.03 
1J 
-1Ji 
1.0 
145 
-1.0 



(8} 

(12) 
(8) 



10S.488 fe) 
106.72 (8) 
120.66 (a) 
17.035 (9) 
20.657 (c) 
140.569 (c } 
1**22 ft0i 
2053 ( 8 ) 
23^1 (8) 
49X81 
65.77 
58.59 
142.47 
55^42 (15) 
55.73 (1SJ 
56462 (15) 
64.6 (8) 
100.78 (8) 
3059 (6) 
105.15 (5J 
19409 ( 12 ) 
10544 (27J 
7M (6) 
1541 (6) 
35.43 (6) 
61.13 (6) 
40451 tS) 
17.705 (8) 
38414 (4) 
11249 



SNRP70 (50), TTMP2 (51), LIG1 (52), aaid CLQ (53). CD4 
found in 0-12p encodes the type 1 membrane glycoprotein 
that defines the helpcr/wduccr subset of T cells. Hit CD* 
^bc^5) CD aSSOciatcd Wi(h SLB as well as type I 
Of interest, five clusters of autoimmune loci comain linkages 
or associations to susceptibility/resistance to infectious di^ 
cases. Q-3p contains the candidate gene CMKBR5. a 32 bp 
deletion in this chemokinc receptor has been associated with 
resistance to HIV (56). The chromosomal region of CM9ql3 
has been associated with resistance/suscaptibiliry to picoma- 
viruses including polio (57), ECHO-11 (58), and Cr^ckic-IH 

2 , . rCg,0n, 19q13, is aIso consc r v cd in mouse with the 
Hs»2 Jocus on mouse chromosome 7, which is associated with 

weji as the nonelustered MS locus 5 P 15, are conserved in 
rodents to regions linked to resistance co Leishmania major 
(6J). 

DISCUSSION 

A genetic component to autoimmune susceptibility has been 
clear y shown by twin and adoption studies, and by increased 
nsk to sibhngs (2). A number of non-MHC genetic loci in 
aurotrnmune diseases have recently been mapped. As dc 
scribed here, a majority (65%) of these PMs appear to cluster 
nonrandomly into 18 groups. This clustering occurs within 
different human autoimmune diseases, as w c i! as across species 
with experimental autoimmune/inflammatory disease mod- 
els. In same cases, this coincidence of disease markers occurs 
at the same marker, or within IZ75 cM, whereas in others it 
is over a broader interval with multiple significant markers for 
the same disease. 



Based on our results, the observed clustering of autoimmune 
loci occurring by random chance is statistically unlikely. Sim- 
liar statistical findings have been reported in autoimmune 
anima models (2, 31). Hie clustering of lod in both experi- 
mental animal models and human disease may suggest a 
common gene, or multiple geoes within an interval, influenc- 
ing autoimmune disease susceptibility. Furthermore, wc rec 
ogmze that multiple genes in an interval may (i.e., rbe MTT 
gene duster -16q) or may not be functionally related. 

The overlapping of autoimmune lod was recently described 
in animal model systems (2, 16, 31, 61). Although mouse/ 
human chromosome homologies and genetic maps arc not 
unrformly comparable, at least nine human dusters seem to 

* ? • ^ nSC ^ g ^ Dexic location * animal autoimmune 
bci: a-3p, d-7p. a-7qa, Q-llq, a-12p, a-16q, CM7q, and 

The G*3 locus in rat inflammatory arthritis (16) contains a 
number of candidate genes whose human homolocs map to 
a-12p, Induding CD4, CD27, and CD69. This cluster is linked 
to human MS and in rodent systems for EAE, B perfuxsis- 
mduced histamine sensitization, and IDDM. Cia3 also appears 
to overlap with the rat locus IODKfl/Lyp as defined in BB rats 
(9, 16). This locus, which contains the marker gene NPY, has 
been «ssoaated with lymphopenia, diabetes (9), and autoim- 
mune thyroiditis (62). Tnc human equivalent of NPY maps to 
a-7p, which contains markers linked to MS. CD, and A.S 
(Table 1). 

A characteristic of autoimmune lod from modd systems is 
that spedfic autoimmune traits arc linked lo different loci and 
may be additive, resulting in a compound phenotype in a given 
autoimmune disease. In mouse lupus, the ioaLbw 2.7,8 are 
associated w,th amichromaiin antibody production; Lbw 3,4,5 
with mortality; and Sbw 1,2 with splenomegaly (17), Animal 
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Autoimmune/ 
Inflammatory fod 



Human 






MS 




CO 




PS 




AS 




IDDM 


Animal Models 




EAE 




JODM-W 




IOOM-R 




HR 




SL£ 




IA 




HI 



Contra! 

disease loci 

~ SZ 

-» NlOOM 

- BP 

~ MT 

<~ LP 



17 CM7q 



fic. J. avstcruifi of autoimmune candidate lod. Positions of PMs for autoimmune diseases that fall into clusters are to !h c right of each 
chromosome relative to their cytogenetic location found in Table 1. Solid bar r human autoimmune disease PMs; circle or circle/bar. animal disease 
model*; Human nonatitoimmunc diseases are to tbe left of each chromosome and arc denoted by triangles. MS, multiple sclerosis; CD, Crohn 
.a ^^ Pet ^~?™~^™ crtCc P h »l°niyeUtjs; IA, rut inflammatory arthritis; PS, familial psoriasis; AS, aathma: IDDM, Insulin. 
fu^mtut'lltT V, (U ™ M -£ buman ? lD ™£l mous * rac); HR. A p-MtatoJd. histamine ^toJo^SLE 2c 

&r«d S schizophrema; NIDDM, non-insulin^icpcndcnt diabetes (type II); BP, bipolar disorder; LP, Icptin^oda^d 



autoimmune loci clustering with human disease loci suggests 
that this pattern could occur in human disease as well. 

Particularly intriguing arc reports of resistance/susceptibil- 
ity to infectious diseases that map within autoimmune dusters: 
lenhmania resistance (6l) (CI-7pq, Up, llq, 19q); suscepti- 
bility to picomaviruscs, including polio and coxsackie virus 
(57, 59) (d-19q), and HIV resistance (56) (CI-3p). An asso- 
ciation of picornavirus has been described in EAE (63), as well 
as coxsackie virus for IDDM (64) and autoimmune myocar- 
ditis (65). 

A number of autoimmune candidate loci from different 
diseases did not fall into identifiable clusters (Tabic 2). These 
singleton loci may be independent loci; may contribute to 
disease specific susceptibility, tissue or organ iropisra; or may 
be false positives. They may also group with other loci under 
different definitions of a cluster. 

This clustering Of autoimmune candidate loci Into 18 groups 
from multiple autoimmune diseases and model systems sug- 
gests: (r) that there may be a related genetic background 

Tabic 3. Statistical significance of aJ cl clustering 



contributing to the susceptibility of clinically distinct autoim- 
mune/inflammatory diseases; (a) that it may be likely that the 
genes found at these dusters are involved in primary or 

Table 4. percentage of human positive markers in 
autoimmune clusters 



Mcchod 



12.75 cM 10 cM 5cM I cM 



Adjusted 
P value 



1 Autoimmune cl 

Control cl 
I Autoimmune c| 



0.2 i 
Oil 
0,074 



0.049 

0.46 

0.034 



0.048 

0.76 

0.014 



0.043 0.08 
0.76 0.30 
0.0086 0.U21 





Positive markers in 
dusters/total positive 






Disease 


markers 


% in dusters 


Ref. 


Autoimmune 








MS 


18/24 


75.0 


• 5 


MS 


3/8 


37.5 


4 


MS 


9/21 


43.0 


6 


CD 


6/6 


100 


11 


CO 


10/13 


76.9 


12 


PS 


9/9 


too 


13 


PS 


4/4 


100 


14 


AS 


16/19 


84.2 


15 


IDDM 


15/32 


46.8 


8 


Control 








NIDDM 


3/22 


13.6 


32 


DP 


0/3 


0 


35 


SZ 


0/5 


0 


33 


SZ 


0/5 


0 


34 


HT 


0/20 


0 


38 


BP 


o/i 


0 


36 


LP 


0/4 


0 


37 
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secondary regulation of the immune system; (mi) that o(hcr 
diseases thought to have an autoimmune component (i.e., 
narcolepsy) may be compared with the genetic loci of more 
defined autoimmune diseases; and (iV) that shared genes 
among distinct diseases may lead lo common early diagnostic 
criteria and therapeutic strategies. 

V/c thank Drs. W. Bias, E. Bhnkcnhorn, P. Meltzer. G. Papanico- 
laou, N. Rose- C Teuscbcr, and J. Todd for riding the manuscript. 
Wc Ihank D. Lcja tor graphic assistance. 
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